Background: Myofascial trigger points (MTrPs) are a highly prevalent source of musculoskeletal pain. Prolonged ongoing nociceptive input from MTrPs may lead to maladaptive changes in the central nervous system. It remains, however, unknown whether pain from MTrPs is associated with brain atrophy. In addition, stress, which may contribute to the formation of MTrPs, is also known to affect brain structures. Here, we address whether structural brain changes occur in patients with chronic pain originating from MTrPs and whether such changes are related to pain or stress. Methods: Voxel-based morphometry was used to compare grey-matter (GM) volumes in 21 chronic pain patients, with MTrPs in the bilateral upper trapezius muscles, with 21 healthy controls. Hyperalgesia was assessed by pressure pain thresholds, and stress was assessed by cortisol levels and anxiety questionnaires. Results: Patients exhibited normal stress levels but lowered pain thresholds. GM atrophy was found in dorsal and ventral prefrontal regions in patients. The GM density of the right dorsolateral prefrontal cortex correlated with pain thresholds in patients, i.e. the more atrophy, the lower pain threshold. GM atrophy was also found in the anterior hippocampus, but the atrophy was neither related to pain nor stress. Conclusions: Patients with chronic myofascial pain exhibit GM atrophy in regions involved in top-down pain modulation and in processing of negative affect. The relationship between the dorsolateral prefrontal cortex and pain thresholds suggests the presence of pain disinhibition. No evidence was found for the involvement of stress. It remains unclear whether the observed atrophy contributes to the development of the chronic pain state or is caused by the ongoing nociceptive input. Significance: Chronic myofascial pain, caused by myofascial trigger points, is associated with localized brain atrophy in areas involved in pain processing and modulation, among others. These findings extend previous knowledge about peripheral and spinal changes to the supraspinal level.
Introduction
Myofascial trigger points (MTrP) are characterized by abnormal focal contractures within the muscle that appear in taut bands of hardened muscle. MTrPs may be associated with various degrees of sensory and motor dysfunctions, including spontaneous pain, referred pain and hyperalgesia. Trigger points are classified as being active or latent depending on the presence or absence of spontaneous pain, respectively, when the muscle is at rest (Shah et al., 2015) . Prolonged ongoing nociceptive input, such as from active MTrPs, can lead to central sensitization, a state where functional and structural changes occur throughout the central nervous system (Latremoliere and Woolf, 2009; Mense, 2010; Shah et al., 2015) . Central sensitization is associated with allodynia and hyperalgesia and is a key factor in the development and maintenance of chronic pain (Latremoliere and Woolf, 2009) . Hyperalgesia from MTrPs has previously been shown to result in enhanced activity in brain regions involved in the processing of sensory-discrimination and affect (Niddam et al., 2008) , similar to findings in other chronic pain conditions (Gracely et al., 2002; Verne et al., 2003; Maihofner et al., 2005) . Although such findings are indicative of central changes, peripheral and spinal contributions to the altered brain processing cannot be ruled out, as nociceptive input is transmitted through both. Chronic pain conditions are also associated with grey-matter atrophy in brain regions responsible for pain perception and modulation (Cauda et al., 2014) . Grey-matter atrophy may, in part, be responsible for maladaptive changes underlying the chronification process. It is, however, unknown whether myofascial pain arising from active MTrPs is associated with structural brain changes as well.
Emotional and physical stress has been hypothesized to contribute to the formation and perpetuation process of MTrPs through both peripheral and central mechanisms (Niddam, 2009) . Peripherally, prolonged periods of stress may result in a persistent increased muscle tone and muscle injury (Treaster et al., 2006) . Centrally, stress may target the brain by inducing maladaptive functional and structural changes resulting in exacerbation of the pain (McEwen, 2007) . Indications of elevated baseline levels of cortisol, a biological marker of stress, exist in patients with myofascial pain, especially of temporomandibular origin (Yoshihara et al., 2005; Robinson et al., 2006; Nadendla et al., 2014) . In addition, we previously showed that the hippocampus, a key region in the control of the stress response (McEwen, 2007) , exhibits abnormal hypoactivity in response to painful stimulation of MTrPs (Niddam et al., 2008) . The hippocampus is targeted directly by cortisol and is considered to be structurally highly sensitive to stress (McEwen, 2007) . Taken together, active MTrPs may be associated with stress-related compromised structural integrity of the hippocampus.
To address whether active MTrPs are related to structural brain changes and if such changes are related to stress or pain, hippocampal volumetry and whole-brain voxel-based morphometry (VBM) were performed in chronic myofascial pain patients with active MTrPs in the bilateral upper trapezius muscles and in matched healthy controls. We hypothesized that active MTrPs were associated with (1) reduced hippocampal grey-matter volumes; (2) grey-matter atrophy in pain and stress-related brain regions and (3) elevated stress levels that would be related to structural brain changes. Basal serum cortisol levels and psychological profiles were obtained to assess physiological and emotional stress levels.
Materials and methods

Study population
Twenty-one patients with myofascial pain emanating from active trigger points in the bilateral upper trapezius muscles were recruited from the outpatient clinic of Department of Physical Medicine and Rehabilitation, Taipei Veterans General Hospital. Patients were evaluated by a physician experienced in diagnosing MTrPs. The inclusion criteria for the patients were (1) palpable taut bands and/or hardened nodules in the bilateral upper trapezius muscles; (2) spontaneous myofascial pain emanating from a welllocalized area within the taut band/nodules; (3) exacerbation of the pain upon palpation of the taut band/nodules; (4) presence of spontaneous myofascial pain for more than 6 month, in order to increase the likelihood of structural brain changes; (5) no previous treatment of the myofascial pain arising from the taut band/nodules; (6) no intake of preventive medications, such as beta-blockers, antidepressants, anticonvulsants or calcium channel blockers, within 6 month prior to scanning; and (7) no intake of over-the-counter pain relievers, such as nonsteroidal anti-inflammatory drugs, 1 week prior to scanning. Twenty-one healthy volunteers with no taut bands or nodules in the upper trapezius muscles were enrolled in the control group (CTL). Apart from the diagnosis of the MTrPs in the patient group, all participants were normal in physical and neurological examinations. All study participants received financial compensation to cover time off from work and transportation costs. The study was approved by the Institutional Review Board of Taipei Veterans General Hospital and was conducted in accordance with the Declaration of Helsinki (sixth edition). Prior to entering the study, all participants gave their informed consents to participate.
Cortisol measurement
For all participants, the study was performed in the morning between 8 and 10 am when cortisol levels are expected to be the highest. Blood samples were collected at the beginning of the experiment and were centrifuged immediately after sampling. Blood serum samples were stored at À70°C until the time of analysis. Cortisol assays were performed at Taipei Veterans General Hospital.
Psychological and psychophysical assessments
The overall spontaneous myofascial pain in patients was assessed by the McGill pain questionnaire (MPQ). To further evaluate the general physical dysfunction of the shoulder, the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire was administered to all participants. The psychological state of all the participants was assessed by the pain catastrophizing scale, the Spielberger state-trait anxiety inventory and the Beck depression inventory. All questionnaires were filled out immediately before scanning. Pressure algometry (Baseline â Dolorimeters, NY, USA) was used to assess the subjective pain thresholds of the upper left and right trapezius muscles prior to scanning. Pressure was applied in four series (the first was discarded) to each of the MTrPs in patients and at equivalent sites in healthy controls. Participants were instructed to immediately indicate when the algometer induced pain. Pressure algometry was performed by the same person throughout the experiment.
Imaging acquisition
This study was part of a protocol in which structural, functional and spectroscopic magnetic resonance imaging data was acquired on a 3T MR system (Trio; SIEMENS Medical Solutions, Erlangen, Germany) with a 32-channel head coil array. The participants' heads were placed in the scanner after being immobilized with pads. The structural scan consisted of a high-resolution 3D MPRAGE (Magnetization Prepared Rapid Acquisition Gradient Echo) sequence with the following parameters: repetition time, 2530 ms; echo time, 3.03 ms; flip angle, 7°; field of view, 224 9 256 9 192; and voxel size, 1 9 1 9 1 mm.
Hippocampal volumetric analysis
Hippocampal grey-matter volumes were calculated using the HV toolbox (Jung Diagnostics GmbH, Hamburg, Germany; http://www.jung-diagnostics.de/eng/ tools.php) integrated into the statistical parametrical mapping toolbox (SPM8; Wellcome Trust Centre for Neuroimaging, London, http://www.fil.ion.ucl.ac.uk/ spm). In short, the individual anatomical images were segmented into grey-matter (GM), white-matter (WM) and cerebrospinal fluid (CSF) images using the New Segment toolbox in SPM8. The hippocampal GM volumes were then extracted from the GM image by summing over all voxel intensities within predefined masks covering the left and right hippocampi (Suppa et al., 2015a,b) . The total intracranial volume (TIV) was calculated by summing up all voxel intensities within GM, WM and CSF images. Since the anatomical template and tissue probability maps used in the HV toolbox are generated from an elderly population, these were replaced by the ICBM152 high-resolution template and tissue probability maps (http://www. bic.mni.mcgill.ca/ServicesAtlases/ICBM152NLin2009).
To further investigate volumetric changes of the anterior and posterior portions of the hippocampi, the masks provided were split into halves along the anterior-posterior direction using MRIcron (http:// www.mccauslandcenter.sc.edu/mricro/mricron/).
Voxel-based morphometry
A VBM analysis was performed on the segmented GM images using SPM8. Following the procedures from Tu et al. (2010) , the DARTEL toolbox was first used to create an optimized GM template in standard space. Registration parameters and deformation maps generated during this procedure were applied for spatial warping of the individual GM images. Spatial warping was performed with the GM volume preserved. This step ensures that GM volumes are compared instead of GM concentrations. Finally, the GM images were spatially smoothed with a 4-mm 3 (full width at half maximum) Gaussian kernel.
Statistical analysis of the GM images was performed using age and TIV as covariates of no interest. The rationale for this is to remove the unwanted contributions of GM decreases with age and GM scaling with the size of the brain. Voxels with a GM concentration <0.2 were excluded from the analysis to avoid possible boundary effects between tissue types and to preserve homogeneity. The analysis proceeded in three steps. First, regional between-group GM changes within the hippocampi were investigated by means of a two-sample t-test. Voxels passing a threshold of p < 0.05 corrected for family-wise errors within the volume of the bilateral hippocampi were considered significant. The small voxel-wise volume correction was obtained by applying a mask covering the bilateral hippocampi using the WFU Pickatlas (Maldjian et al., 2003) . Second, to further investigate possible between-group differences, an explorative whole-brain analysis was performed using an uncorrected threshold of p < 0.005 combined with a minimum cluster extent of 50 voxels. Finally, to further address stress-and pain-related changes, regression analyses were performed within the two subject groups, separately, using individual anxiety scores, morning cortisol levels, MPQ scores and the mean PPT of left and right sides. Clusters overlapping spatially with clusters from the between-group analysis were identified by applying an uncorrected voxel threshold of p < 0.005 in conjunction with an inclusive mask consisting of significant GM changes from the between-group analysis. Only clusters with a minimum overlap of 10 voxels were considered. For each of these clusters, the entire spatial extent was then extracted by repeating the analysis without the masking procedure using an uncorrected voxel threshold of p < 0.005. Coordinates of significant clusters were transformed into Talairach space using the mni2tal transform (http://imaging.mrc-cbu.cam.ac.uk/imaging/MniTalairach), and the corresponding anatomical structures were labelled using the Talairach Client (http://www.talairach.org/client. html).
Statistics
Between-group differences in age, cortisol levels, PPT, TIV and scores from the questionnaires were assessed by two-tailed two-sample t-tests, and gender differences were examined with a chi-square test. Hippocampal volumes (whole volume, anterior and posterior portions) were compared between the two subject groups using analysis of covariance with age and TIV as covariates. All of these analyses were performed using SPSS 20 (SPSS Inc., USA), and the results were considered significant when passing p < 0.05.
Results
Demographics and clinical characteristics
Demographics and the pain profile of the patients are provided in Table 1 . The two groups of participants were gender matched and did not differ significantly with respect to age. Anxiety, depression or pain catastrophizing scores did also not differ between the two groups and were within the normal range. Basal serum cortisol levels (17 controls and 20 patients) and TIV did also not differ significantly between the two groups. As evident from the MPQ scores, patients were characterized by spontaneous pain emanating from the upper trapezius muscles. The spontaneous pain had been present for more than 2 years in the majority of the patients. Pressure algometry further revealed a significantly lowered pain threshold in patients for both the left and right side indicating the presence of muscular hyperalgesia at the trigger point sites. In addition, patients had significantly elevated DASH scores compared with healthy controls, showing that the state of the patients was associated with some disability. Finally, DASH scores were positively correlated with the total MPQ scores (Pearson correlation; r = 0.645, p = 0.002), but not the mean PPT ratings of left and right sides (r = 0.072, p = 0.755), suggesting the disability to be related to the presence of the spontaneous pain rather than the hyperalgesia. No relationship was found between any of the pain parameters and cortisol levels or anxiety scores.
Hippocampal volumetry
Mean hippocampal volumes and adjusted volumes are listed in Supplementary Table 1 . A difference between patients and healthy controls in overall hippocampal GM volume was found neither in the left nor in the right hemisphere. When the hippocampal volumes were partitioned into anterior and posterior portions, a trend towards reduced volume in the left anterior hippocampus of patients (F = 2.91; p = 0.096) was found. However, repeating the analysis with age and TIV as covariates resulted in no significant difference (F = 0.304; p = 0.585). None of the other between-group comparisons resulted in significant findings. To test the effect of spontaneous and evoked pain on hippocampal GM volumes, correlations with total MPQ scores and mean PPT levels were examined in the patient group. However, a significant correlation was not found between any of the measures. To further test the effect of stress on hippocampal GM volumes, correlations with cortisol levels and anxiety scores were examined. Borderline significant correlations with serum cortisol were found in patients for left (r = 0.443, p = 0.050) and right (r = 0.410, p = 0.073) posterior hippocampi. However, using second-order partial correlations to account for age and TIV resulted in no significant findings for either side (left: r = 0.222, p = 0.376; right: r = 0.278, p = 0.351). Significant correlation with serum cortisol was also not found for any of the hippocampal volume measures in healthy controls as was the case for both subject groups for correlations with anxiety scores.
Voxel-based morphometry
In accord with our a priori defined hypothesis, patients with active MTrPs demonstrated a significant reduction in GM volume in the left hippocampus, when applying a small volume correction (Table 2 , Fig. 1 ). Reduced GM volume was also found in the right hippocampus ([x, y, z] = [32, À8, À20], Z max = 3.07, extent = 14 voxels) albeit without passing the extent threshold. In the explorative whole-brain analysis, additional reductions in GM volumes were found in the bilateral superior frontal gyri, right ventrolateral and dorsolateral prefrontal cortex, bilateral claustra extending into the anterior insula, and bilateral middle and inferior temporal gyri (Table 2) . Increased GM volumes in the patient group were not found in any regions of the brain. We further explored the contribution of pain-and stress-related factors to the observed between-group GM changes (Table 3 ). The regression analysis with total MPQ scores in patients revealed a positive relationship with GM volume in the left inferior temporal and fusiform gyri ( Fig. 2A ) and a negative relationship with GM volume in the left anterior insula/claustrum (Fig. 2B) . The two clusters in the left inferior temporal cortex were mainly located adjacent to the cluster from the between-group comparison and only overlapped along the edges. For the mean PPT, a positive relationship was found with the right middle frontal gyrus in patients (Fig. 2C ) and with the left inferior temporal gyrus in healthy controls (Fig. 2E) . Further analyses revealed a positive relationship between serum cortisol levels and GM volume of patients in the right inferior temporal gyrus (Fig. 2D ) and in the left hippocampus (Fig. 3) . The former was located adjacent to the cluster from the between-group analysis and only overlapped along the edges. In healthy controls, serum cortisol levels exhibited a positive relationship with left hippocampal GM volume (Fig. 3) . Although not exhibiting a significant between-group difference, it is noteworthy that a positive relationship with cortisol was also observed in the right hippocampus ([x, y, z] = [30 À8 À20], Z max = 3.14, extent = 13 voxels) in healthy controls but not in patients (Fig. 3) . Finally, a positive relationship with state anxiety scores was found for right fusiform/inferior temporal GM volume in healthy controls (Fig. 2F) . Regression with trait anxiety scores did not yield any significant findings in any of the subject groups.
Discussion
The central mechanisms of chronic pain arising from MTrPs are incompletely understood. Questions remain regarding whether structural brain changes occur and whether such changes are pain or stress related. We addressed these questions by first examining changes in GM volumes of the hippocampus, a Figure 1 Regional grey-matter volume reductions in chronic myofascial pain patients. Reductions were found in the bilateral inferior temporal gyri (ITG)/fusiform gyri, the left hippocampus (Hipp), bilateral middle temporal gyri (MTG), bilateral superior frontal gyri (SFG), bilateral anterior insula (aIns)/claustrum, and the right inferior frontal (IFG) and middle frontal (MFG) gyri. The results are superimposed on the SPM T1 template, and the colour bar refers to Z-values for grey-matter reductions.
key region in shaping the stress response, and then by performing an explorative whole-brain search for additional regional changes. We, furthermore, examined the relationship between regions exhibiting GM changes and pain-and stress-related parameters. The main findings of the study were as follows: (1) Chronic myofascial pain was associated with subtle GM atrophy in the left anterior hippocampus. (2) Statistical maps were thresholded at an uncorrected voxel level of p < 0.005. Negative Z-values denote negative correlations. Cluster size refers to the full extent of the cluster and not to the size of the overlap with clusters from the between-group analysis. Figure 2 Regional grey-matter (GM) volume correlations in patients and in healthy controls. In the patient group, correlations were found for (A and B) total MPQ scores in the left inferior temporal (ITG) and inferior frontal gyri (IFG), (C) mean PPT levels in the right middle frontal gyrus (MFG) and (D) cortisol levels in the right ITG. In the control group, correlations were found for (E) mean PPT levels in the left ITG and for (F) state anxiety scores in the right ITG. Negative and positive X coordinates refer to sagittal slices in the left and right hemispheres, respectively. Positive correlations are marked in red and negative correlations in blue.
A B C D E F
GM volumes of the left hippocampus correlated positively with serum cortisol levels in both subject groups. (3) Additional GM atrophy was found in prefrontal and temporal regions. GM volumes of several of these loci correlated with pain-related parameters. (4) The patient cohort exhibited normal physiological and emotional stress levels but lowered pain thresholds and increased disability scores. It is noteworthy that the average level of spontaneous pain in our patient cohort was of a magnitude comparable with that reported for other severe pain conditions, such as chronic low back pain and neuropathic pain (Ruoff et al., 2003; Novak and Katz, 2010) . Left hippocampal GM atrophy was observed in patients within a regionally specific portion of the anterior hippocampus. Evidence suggests the hippocampus to be functionally divided along the septotemporal axis with regulation of anxiety and stress responses localized to the anterior portion (Bannerman et al., 2004) . This region of the hippocampus is, furthermore, known to be directly targeted by stress mediators such as cortisol (Wang et al., 2013) . Nonetheless, the observed atrophy found in the patient group is most like not driven by stress-related factors as cortisol levels and anxiety scores were within normal range and did not differ between patients and controls. Also, GM volumes exhibited a positive, and not a negative, correlation with serum cortisol levels in both subject groups. Thus, our findings should be considered within the context of normal stress levels at which cortisol exerts a trophic effect. This is congruent with observations of enhanced neuronal growth in response to slight elevations of circulating glucocorticoids (Schoenfeld and Gould, 2013) . In this context, it is important to mention that the regression models accounted for the effect of age on GM volume, i.e. decreased volume with increased age. However, since cortisol levels are known to increase with age (Sudheimer et al., 2014) , our model may also have accounted for this effect. Other factors not accounted for may have contributed to the observed hippocampal atrophy. For example, proinflammatory cytokines have been associated with suppressed neurogenesis, increased levels of apoptosis and reduced hippocampal volume (Sudheimer et al., 2014; Chesnokova et al., 2016) . Elevated cytokine levels have been observed in the vicinity of active MTrPs as well as at noninvolved distant sites (Shah et al., 2008) and may act on the brain via primary afferent pathways or the circulation (Chesnokova et al., 2016) . However, indications of elevated serum levels have not been found in patients with chronic pain originating from MTrPs (King et al., 1997; Deitos et al., 2015) . Disease duration is another possible factor which previously has been related to GM changes in chronic pain conditions (Tu et al., 2010; Jensen et al., 2013) . As pain history was based on recalled self report in our study, it was not accurate enough to use in the regression analysis. It is, thus, not possible to discern the influence of disease duration on the observed GM changes in this study.
Grey-matter atrophy was also observed in several regions known to be involved in top-down pain modulation, e.g. the ventrolateral and dorsolateral prefrontal cortices. In particular, the right dorsolateral prefrontal cortex has been implicated in topdown inhibition of pain and has been shown to be affected in several pain conditions (Lorenz et al., 2003; Apkarian et al., 2004; Tu et al., 2010) . The notion of pain disinhibition is supported by our Figure 3 Grey-matter volumes positively correlating with cortisol levels in chronic myofascial pain patients (red) and in healthy controls (blue). Pink colour denotes spatial overlap between the two subject groups. Slices to the right are located more anterior than slices to the left. For illustrative purpose, the maps have been thresholded at an uncorrected voxel threshold of p < 0.05. Note: the cluster in the right hemisphere is considered nonsignificant because it was not located within a significant cluster from the between-group analysis.
finding of a positive correlation with the mean PPT in patients, i.e. more severe atrophy was associated with a more severely reduced pain threshold. Such a response may arise as a consequence of ongoing nociceptive input and may be considered part of the maladaptive chronification process. Disinhibition by the dorsolateral prefrontal cortex may lead to changes in other key brain circuits involved in pain processing. In this study, GM atrophy was also observed bilaterally in regions covering the inferior frontal cortex, the anterior insula and the claustrum. These regions have been implicated in pain affect, including pain anticipation and pain salience (Downar et al., 2003; Paulus and Stein, 2006; Lin et al., 2013) . All three regions have previously been shown to be engaged in response to painful stimulation of active MTrPs (Niddam et al., 2007) . The GM volume of these regions in the left hemisphere was found to correlate negatively with the total MPQ score, suggesting a compensatory response to the ongoing and highly salient pain assault.
Additional atrophic GM changes were found in lateral temporal brain regions not typically associated with pain processing. Most pronounced were the reduced GM volumes of the bilateral inferior temporal cortices. These regions are considered association areas responsible for the integration of visual stimuli and are influenced by brain circuits involved in cognitive and affective processing (Greicius et al., 2003; Uddin et al., 2009; Su et al., 2015) . The inferior temporal cortices are, furthermore, considered part of the default mode network, a network known to be disengaged by sensory stimuli and attention demanding tasks (Greicius et al., 2003; Uddin et al., 2009) . Atrophic changes in inferior temporal regions have not only been observed in other pain conditions (Cauda et al., 2014) but also in clinically depressed patients (Grieve et al., 2013) and in posttraumatic stress disorder (Kroes et al., 2011) . Interestingly, left inferior temporal GM volumes were found to increase with increasing pain thresholds, and right inferior temporal GM volumes were found to increase with increasing state anxiety scores in healthy controls but not in myofascial pain patients. This may suggest the absence of trophic, perhaps neuroprotective, mechanisms in the patient group that are usually present within normal ranges of pain thresholds and anxiety levels. In patients, two additional clusters in the left inferior temporal cortex were found to correlate positively with total MPQ scores, and one cluster in the right inferior temporal cortex was found to correlate positively with cortisol levels. These clusters, however, were mainly located adjacent to the clusters from the between-group analysis. It is possible that the absence of the aforementioned trophic mechanisms in one area in the patient group have been replaced by expansion of adjacent areas, e.g. in a manner depending on the level of ongoing pain.
Some limitations of this study need to be addressed. Although VBM can be used to detect changes in gross neuroanatomy, the corresponding microscopic mechanisms are not known. GM atrophy can be ascribed not only to neuronal apoptosis and spine/synapse degeneration but also to changes in cell size, microglia and interstitial fluid (May et al., 2007; Schweinhardt et al., 2008; RodriguezRaecke et al., 2009 ). In the same vein, it is not possible to discern any functional implications based on VBM alone. In addition, our cross-sectional study design does not allow to disentangle whether the observed atrophy is reactive or causative to pain. Evidence from longitudinal studies suggests that structural changes, at least in part, arise as a consequence of pain and/or pain-related factors, as some changes persist in the absence of pain, e.g. in the periovulatory phase of primary dysmenorrhoea patients (Tu et al., 2010) and in postsurgery osteoarthritis patients experiencing pain relief (Rodriguez-Raecke et al., 2013) . The notion of cortical plasticity-induced pain is mainly supported by findings in patients with phantom limb pain (Flor et al., 1995) . Despite the limited interpretation of the present results, it is, nonetheless, possible to conclude that objective brain structural changes exist in patients with chronic myofascial pain. Methodologically, an additional explorative analysis was performed in order to generate novel hypotheses about central changes in patients with chronic myofascial pain. A liberal statistical threshold was applied in this analysis and loci were reported that did not pass a correction for multiple comparisons. Thus, despite applying a minimum cluster extent, false-positive voxels and clusters may still have been included. However, it can be reasoned that clusters representing stochastic noise would be expected not to systematically increase in size at lowered thresholds. Indeed, when applying a lowered voxel threshold (p < 0.01), we found all the listed clusters to grow substantially, i.e. between 63% and 167%. This suggests that these findings should not be considered as noise but rather that our study was not sufficiently powered. Nonetheless, our explorative imaging results should be considered tentative and would gain in strength by being reproduced. Finally, we did not confirm our hypothesis about pain-or stress-related hippocampal changes in patients with chronic pain arising from MTrPs in the upper trapezius muscles. In addition, the patient population in our study did not exhibit exaggerated physiological or psychological stress levels. Since our initial hypothesis mainly was based on findings from myofascial pain of temporomandibular origin, it is likely that stress factors have a different role in temporomandibular pain compared to pain originating from the trapezius muscles. It can be speculated that emotional stress is more prominent in the former (Lorduy et al., 2013) , while physical stress is more prominent in the latter (Treaster et al., 2006) or that stress is more important in the formation phase of the MTrPs. Further studies are needed to address this issue.
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